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(57)Abstract: 

PROBLEM TO BE SOLVED: To dope with high precision 
impurities such as carbon when a silicon/ germanium mixed 
crystal film is grown to effectively suppress diffusion of 
impurities such as boron. 

SOLUTION: When a silicon material gas, a germanium 
material gas, a boron material gas, and a carbon material gas 
are introduced into a reaction chamber 1 to grow a 
silicon/germanium mixed crystal film on a substrate 2, under 
a condition that carbon is added to the silicon/germanium 
mixed crystal film at about 0.5%, a flow rate of the carbon 
material gas is set to 5 seem or more, and further a supply || 
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concentration of the carbon material gas is lowered down to ' LV : ^p&=£ 
about 1.0%. Thus, carbon of a concentration required for 
suppressing a diffusion of boron is added to a film, and 
further a concentration of carbon is equal to or higher than 
a concentration of boron in any depth area, so that an 
offset is not caused in entrapping of carbon and boron into 
the silicon/germanium mixed crystal film. 
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1 5 [%) ) fcrlBB'tijftfrT'C. K*«HXfx<o«|ft« 
«£<5<U *<a*Mtt£«<\rk£J: , 3. ±fS^OJ:o 

[0064] jRs^^D^tcw-r&icsaixw. i . i 

Xl0 4 (Pa] (80(Torr)) ?)J£l)TlZ&\,*X . 
tfxm&WVgCOfM-tfO . 635(cm)(l/4(>fy 

£\ if&il 1 0(sccmMM^SlMLT5 

[0 0 6 5] ms. 9*#hslt. iG»afu©ia**« 

t>^/c«l*i»BB'r-&. H8«, y'J^y (Si) JE£f# 

tisy^vyi:, (c ) ifwtfc^^f/^ 

7 vk £|^fflUcTJ&SS fc^'J =? y-^-r-^ 
A?g B B a $|c7)S I MSMSSt*^ HBfc:5r*"^tt. 
K*K8^T** 1 0 [%\*^>Vl/7 ycomSii: 2 
(sccm)a«^«T*l>, :^)SIMSM 

saw si 

[0066] ifM#XT'J)l) 1 0 (%]> 

iNU^y^ffifikilE^J: ?k:S I MS#tWSS**£> 

^a^>o^^3iii(s]kc7)M«^^. wi.tr. io 
[%]*^uis7y£m;J!?Mtfxt Lxmmt. yv? 

itt*M^X<?D8Sai{42 [s ccm)i:t 

[00 67] (»2^II*BBS) HI Odt ^2cO^ 
(4. ±KfS 1 <0HJI!SKB k offlat^^ £Wt&i LSI 
[ 0 0 6 8 ] HI 0 tc^cT J: o K*JSS#*ttte¥ 



3 0. 7^7Q-3yhn-73 K *)V~f3 2#WJ 

[0069] 4 . ±KSS 1 ^SglWBJBTtilWISIKfi^ 
xr-^&^^^^v^^^y^xigJKSr l . 0 
(%] k Lfc*. *SB*»JB"C*1^ ^/^^y^/fxaW 
£ 1 0(%)!£Jgk LTt^. 

[0070] <r<7)£ a *cLfc*2OHM0BBTti, HSR 

jsw^tas i oi%]^^^yyy : t7m^^zx y ) 
«itf±E» i comm&mt mmiz 1 . o t%)* 

fv^^yk&fc.fc-JftJRLT' ^7 2 8*^ 

me^ 1 2 ^fitift-r & . Lfctfot . ±ie» i commmm 
t nmz. i/o^y- *f)v~?—*7 M^mzm^ms. 
( o . i 5 (%) ) ^o^s^asSD-r i» k v * 
o$kftTx\ mmmitfxnm&mmz&KL. 

SE4 £ S <" <r k £ J: 9 . ^ A&ftBS 

HKWzflWI'fS Z. t tfX'Z h . 
[007 1 ]^. ±lfilS 1 . 2 <^»t»JBTW. ttX 

(c 2 H 2 ) . xfi/y (C 2 H 2 ) , ro^y (C 
3 H 6 ) . f^ffli^(>J:o. fc*fU 7tfi/y, x^- 

SJg^^^^^^cgf£fi^Mk Six. «ASft*^»< 
^r-l). *aai**^T*)-&k^3tt«±, RIB^ 

[0072] iBS-Ctt*!*^ ( C - C ) ^»fc«rv^^ 
y-^-^Afiffiigffit^ *o^k*§ B a attft±tf> 

[0073] ±Mmm&mxte. 1 . 3x103 

— 1. 7Xl0 4 (Pa](10-180(Torr))i?) 

<7)xt:^ kit)RL-C«*aK*«5« < * 0 > 

[0074] iiBBBWIITtt. 550-750 

rciOfflJKTT'^i; y-^7-^Al Q s H i$:xt^ 
^^■y/HK*?*^^. ^WiihUy'Jny- 
^1/7-^7 ^aAK^HWKff Cc i S 1 0)X"i> h . KiS 
^H^Jt^tcti:. y^V-^Ai8JSSr 1 5 [%)LXbk 

mttfimz otU5, 7 5 0 rc)"C«2 0 [n m]TB 

jjHRfftca-r&^a^wcttJarv^ ifc. 5 5ora 

[0075] UlT. *«W0l««6«fEk LT^k^ 
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[0076] ( mib i ) mftti* z%.mmtzmx l 
x , ±iBEU£^i*j fc«*»*LfcaHR±t: S/ 'J ^ 
a ?g H B B $t t figs $ ■£ $ auutaftjt3r&-cft o x , 

JJaWWteti, S^yavitW^, y;i-?z^Ajii 

mi<&mw8mtfA. ±Msmi 
m*x comwi£ rmt a 2 <m-mnmmn* t 

ftkHSS^L<tiBf<r*C:i:t1*ai:-r*aaR<0« 

[0077] (ftie2) jjefltiA^MWRnxrxtt 
*>oyx(± 'j & ^ t zwrnt-tz Mia 1 

[00 78] (MIB 3) ±ie^2<0^MftH^#X{i 

s <r fc s-«t « t -f &m ib 1 xn 2 we 

[00 7 9] (MIB4) IMi'V ay— J* 

tern 1 om^ms t pwg l < ma < -rt x 5 i=± 
iEJS2<o3RWHja[«^<?)«ift«ie. sut, Jb3EfS2<?> 
^»»jBH^x«i&aa*»6<ott»&^-f s yy<r)>j?+c< t 
i, V vf tui^> * s» £ £ & £ ttft t -t & m a 1 - 3 CO 

[0 0 80] (MIB5) ±IBi>U3y-y/^-t>A 

sjur^jjbsi 2 ^mawmnmg. zmfemmzm 

IB 1 - 4 <n\ Ytfxfr 1 J8Cifi*to£fiBt<0J&g#S: . 
[008 1] (ftiE6) ±MS&2<?>^m!>M®tfxm 

m&mfrb<?>ms?4 s.y^izMLxw-<-thzt^n 
a t -r s mib 1 - 5 <r>\ 1 is t sm^M^m^m. 
gum. 

[0082] (#iB7) ±iam2 n^&mmwtfA® 
i&m^'mteZitih&f't $ y?'z±am 1 coT-tm 

[0083] (Miss) ±e«-acHxr^«#^xfla& 

& £ k £«Hai:-*-SttiB 1 - 7 tfDWffta* 1 3»cKtt<D 

[0 0 84] (MIB 9) ±8Wr*{fcfci»«>*Stt 
1. 5 (m) l^Uik £*iT ^6 £k£^k if £ MIS 8 tc 

[0085] (WIB10) ±IB^2cO^F*iE^^*X 
fcteatotf**** 1 1 0 (%]*}S k ZtlX OS Z k **S 

mm. 

[0086] (mm) jje» 2 w^nniacH^ 



<£&SOJfS 2 W^ttttMfi^tiftf? LT ttlfrf 6 £ k 
£#Stk-T h MfE 1 -9 W-fit*' 1 iBClESKO&flffi 

[0087] ( MIB 1 2 ) JJB* 2 (m-vmwMn^ 
OSES* 5 (s c cmJJJLhk-rSikSrimak-rfef'tie 

1-11 ?Hvffti>> l «t=;IB«<7){gSM<o^*a. 

[0088] ( MIB 1 3 ) ±iaRJS^I*KOS«£ 5 5 
0~750("C)k-ra£k^!»fSk-ri.«1Bl~l 2<5D 

[0 089] (MIE14) ±3BRJWltf>EE;Jj£l. 
3X10 3 -1. 7X 1 0 4 (Pa]k-T-i.^kSr^Sk-r 

* ft te i — 1 3 <sov i mzmmnm&mcowLmi 
m. 

[0 0 90] (MIE15) ±MttWmif*kth\,Z* 

x v txx k lx tks^x i mtt-9- & ztzmwit-tz 

Hii 1-14 wwii" 1 JSfcrfBH^SftK^fi* 

ft. 

[009 1 ] ( MIB 1 6 ) ^*S«±tc^f ^r- 5 

«v->-r<x^ 1 ^tciett^?F Ka iMcofiS^a. 
[0092] ( mib 1 7 ) zKmmizmx l 

x . ±ieKi£^rt{ca*^^a«±(c^ 'j ^ ^-y/wv 

±ia^4^'xti, isviymmxx^ 

*X^1 eo^ftJS^^. ±IBm 1 <7)^F*i6ftco?lB B B 

±ie^ 'J 3 y- A^aM^^iass 2 

[009 3] (MIE18) ±SES 1 ^WtomMii* 
«.ii'a>Xt±'J yJSPtfXT'&S £ k ^#®k-fl>Mie 

1 7t8att<0SAK<0jS«*ffi. 

[0094] ( Mia 1 9 ) ±ian 2 coT^VaWMtf*- 
(,±mmM®tfAX'f> h Z k £1#*&k -t^MIB 1 7Xl± 1 
8 KiE»<OfflflK<0&£;friS . 

[0 09 5] (MIB2 0) ±JE*2<»>^*fi«J««^X 
«*&M*^<7)flt^^^ = >^"Sr±IB^ 1 toTOMWKfW 

«fSik-rs#iBi 7-1 sn^-ftifrimiziffinmfi, 

[0096] ( Mia 2 1 ) IMl&WLfWMZ&tfxm 

mm^-co/fxim^m^L x isd&mmizmA § 

ixi.<lkSr^®k-ri>Miei 7-2 OW-ftifrlWz 

[0097] (MIB22) JJB^tttM£«0*3« 
1. 5(m)tl±k?^TV^£k^mk-r.&MIB2 1 

[0 098] (MIB2 3) ±ie^ 2 co^ft^^x 
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i£&mr)tfx-mmti> 1 o [%)mnt ztix^zzt in 
witt &mn 7-2 2wm&i gcgottotgABt 

[00 99] (WIS2 4) ±mm2CDWmJ!FMtfZ. 

£&®t -T 4ttfe 1 7- 2 3 *3<r *-tfh.A» 1 iitieaco?! 

[0100] ( ftffi 2 5 ) JJE3S 2 O^aUBfltf.* 
oafi£5(s ccm)ia±k^4C:k£#i8k-f4ttlE 

1 7 - 2 4 <7H i w=iroo«ABi<3js*2r8;. 

[0101] (ttfE2 6 ) ±ffiKJSE£l*J<Oiag£ 5 5 
0~7 5 0rc)fc-f*i4:*«Nai:-r4Wei 7-2 5 

[0102] ( f+122 7 ) ±im.fcm?V?>E3)* 1 . 
3xi0 3 -l. 7x l OHP a.) t-ThZt^nmt-t 

imi i7~2 6 o^-rn^ i mizmm<r>T t g> B mco®.m 

[0103] ( fflE 2 8 ) ¥#ft«*£±f <-f slf- 5 

^A?g B a B ^Sr)S:*$^c:i:^mi:-r&['tiei 7-2 

[0104] (tt!S2 9 ) S^*ffl^TS«±(c 

IiIt*oT. ±fE*K£«#-t4*:«><75S««ft# 
$fi*:R/E-Mk , IMSmmtfJ. tLXisVay 

k. ±im?wxt it wx*«»st 

* k L T SI 1 ?)TI*8flH£f#* £ ffi^-f & fcKxOgl 1 <0 

^t^s#x«*&#i£k, ±ieiif*^'xt LT±ies 

^WftJS^^ Sr & to^I 2 O^W^tf.* 
<0-<oxr^ttlftfi«i:«:«i s ±IEMJ 3y-y;l/7_ 

-> A?i B a H Mcoffs^^$Mi«-C'Jiieig 2 coT^tmwwyg. 
£±nm i coTMWwmmt l< «as< -r 4 c t 

[oio5] (wie3 0) ifi^jffl^titit 

>- 1 j3>-y;i,.v^OA?l B 3 8 M$rfii<;^$-ti:-l»?l B 3 B M^B)c; 
Sa^ffiiSSft-fcRJE^k , -tiB^tf* k L-T y'J3y 
k . hsdMfAtiX k LX yjU-?-*7J>lfc®#A$:mit£!-t 

4 tdsb<wf)v~?- j±wm*f*m&*n. t . ±imm# 
xtLxmi twmiinmtfA&mti-t&tiitoQm 1 <r> 
T^mmm/rxm^m t , uoamx* 1 1 x ±.nm 
i ^m^i%ikm*x<ommm\irz>?zi£>cr)m 2<n 
T^mmm nx* tfts&t- 4 tz^w. 2 cn^m^mn ax 



AS B B B Jl'\<7)±fEfil 2 «*&%cogs!luiit£S:FJr5SSe 

«■ m< -t 4 1 1 *> {ctt^?gjgsr{£ < 4 z t nam t -t 

[0106] (f>tie3i) i/>j3>-y)U^->yj±m 
3,m£tt&*wftmwx-h^x , ±m^u^y-ytu 
a&mmcuss 1 (WFmi&ifjjm 1 <&m»i 
coms&wm? 4 tzibcvm 2 n^tmw h- r^ttx a 

**-c±iE» 2 <wrwhj<?)«k*<±ess i co^tmcvmm 

[0 107] (f+IB3 2) ±Smi<V*¥mt#n> 

xn v vx-fo zztzmmtTz me, 3 1 izamco^m 

[0108] ( WIB 3 3 ) JJE* 2 <&WmtB9&? 

hhzt trntt -th nm 3 1 xti 3 2 izancomstb 
mm, 

[0109] ( f+ie 3 4 ) trnw-mmz^-xm , x 
>■ - y/t-v^ A^sKSr^rrs i t t&mt mi 

3 1 - 3 3 W 1 «tc£ft£>¥«fl$IK. 

[0110] 

cD&mcomzm®x'i%m<7>mm£ y^mmt mmm 

«WtffP»J-r S £ k A^T'^ 4 . 
Z^-fWX'foh. 

[02 ] HfS^faf^^ h5/y'^^ 

<7>mmijm£xmmizviiimmm®x'$>& . 
<nmmxmzTffi&t,z7F-timmmmx'$>& . 

[05] Sy'j3y->'^v^'/A?M B 3 B ^7'a^r'f;l' 
5-^-T0T-$)«,. 

[06] iy U 3 > — ¥)VZ~*J 2* W^mn^m ls-hb 

[07 ] ^mmmm^>yu 3 v- 

[08] ^j>-7>ty/i'-?ytj<i-/ui'y>tzfflm 
& uzxf&.gzittzi' 0 ■3y-y>i'-?~>jj±mi&mcr> s 

I M S^-tt»mSr^-r0T'*> 4 . 

[09] iO[%]^^;^9v^a£JlkJl»t,ofetfK8: 

six ( s ) k <?>nffi ifp-mvh 4 . 
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[02] 
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